Abstract Pressurized water reactors (PWR) used for power generation are operated at elevated temperatures (280-300°C) and under high pressure (120-150 bar). In addition to these harsh environmental conditions some components of the PWR assemblies are subject to mechanical loading (sliding, vibration and impacts) leading to undesirable and hardly controllable material degradation phenomena. In such situations wear is determined by the complex interplay (tribocorrosion) between mechanical, material and physical-chemical phenomena. Tribocorrosion in PWR conditions is at present little understood and models need to be developed in order to predict component lifetime over several decades. This paper present an attempt to model PWR tribocorrosion through the combination of a tribological third-body approach with a mechanistic description of the involved flows and the mass balance compartments corresponding to well-defined loci of the contact. The obtained model permits to gain better insight in the phenomenology and in the mechanisms of tribocorrosion of metals in PWR conditions. It also allows assessing the relative role of a variety of materials, mechanical and electrochemical parameters affecting the entire system. Quantitative predictions of the model were found to fit reasonably well experimental observations 
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Introduction
Several metallic components of pressurized water reactors (PWR) used in nuclear power plants are exposed to tribocorrosion, i.e., the combined degradation by friction and corrosion. In PWR, corrosion arises from the water pressurized at 150 bars and maintained at 300°C that results in the buildup of a micrometer thick surface oxide film on the metals typically found in PWR such as stainless steel as well as cobalt-chromium and zirconium alloys. The complex water flow inside the reactor exerts mechanical vibrations of the structure that in turn convert into sliding, fretting and impacts on specific, non-rigid components such as control rod assemblies and or latch arms [1] . Tribocorrosion in PWR is of complex nature as it involves multi-scale interactions between mechanical, chemical and material factors. There is thus strong interest in understanding the involved deterioration mechanisms as a prerequisite for the improvement of test methods, the selection of appropriate materials and for lifetime prediction of PWR components. Tribocorrosion mechanism, as degradation process, results from the interaction of mechanical and chemical factors. Therefore, they cannot be treated as the simple addition of wear and corrosion taken separately. As an example in PWR conditions, the buildup of surface oxide films protects the underlying metal against corrosion. However, mechanical loading may disrupt the film and therefore profoundly modify the corrosion behavior. On the other hand, the same film could have a mechanical screening effect preventing plastic deformation of the underlying metal, a mechanism often found responsible for surface film disruption. The understanding of a complex phenomenon such as tribocorrosion requires thus considering the interaction of a number of chemical, mechanical and materials parameters and the interplay of different degradation phenomena.
Wear models for fretting situation established at contacts between rod were recently reviewed by Blau et al. [2] . A common approach for describing fretting damage is the work rate model correlating wear amount with the work done during the wear process, i.e., the product of normal force multiplied by the sliding length. This model is based on an original approach of Frick et al. [3] and was found to effectively predict failure by fretting of fuel rods by Kim [4] . This model was further expanded by including a load excitation frequency factor in order to take into account nucleation of subsurface cracks [5] . As pointed out by Blau et al. [2] , there is a need to integrate corrosion factors in future fretting wear modeling.
The presence of an oxide film on metallic PWR components is at the origin of the so-called oxidational wear mechanism consisting in the periodical removal of the (usually brittle) oxide film from the metal surface followed by film re-growth. This mechanism was invoked to explain the peculiar sliding wear behavior of Stellite-coated latch arms [6] . These components exhibited polishing wear without any significant subsurface deformation. In addition it was found that wear intensity (wear per stroke) increased with latency time between two strokes. Indeed, longer time intervals between two strokes allow for the growth of a thicker oxide film and thus for more material removal at the successive stroke. A quantitative model, based on empirical film growth kinetics, showed a good correlation with wear data from the simulators and from real components [6] .
Clearly, at present models describing wear of PWR components, only consider either mechanical parameters or chemical ones. Thus, the scientific appraisal of tribocorrosion in PWR conditions requires the development of appropriate experimental and theoretical tools accounting for the combined action of mechanical, chemical and materials factors.
The goal of this paper is to develop a model describing wear process in pressurized water reactor conditions based on a mechanistic approach integrating well-defined degradation mechanisms and governing parameters. The mechanistic approach is needed in order to relate wear to physical meaningful parameters as a prerequisite for appraising the causes of wear in industrial systems and for highlighting the influence of critical materials parameters and water properties on the system evolution.
This work presents an attempt to model tribocorrosion in PWR based on a mechanistic appraisal of mechanical and chemical loading. For this, first the phenomenology of PWR tribocorrosion will be reviewed in order to extract a mechanistic description of wear. The third-body concept of tribology [7] will be combined with a chemical engineering [8, 9] approach in an attempt to define compartments in which the mass balance is determined by quantifiable mass flows related to defined wear mechanisms. The obtained model will finally be used to interpret available experimental results.
Tribocorrosion Phenomenology in PWR 2.1 Oxidation
Water constitutes an aggressive environment for most engineering metals and alloys. The reaction between the metal and the water leads to the formation of a surface metal oxide accompanied by the release of hydrogen according to Eq. (1)
Molecular oxygen dissolved in water can enhance the oxidation of the metal and therefore oxygen scavengers such as hydrazine are added to the water in PWR. The literature reports that parameters such as pH [10] , oxygen and hydrogen concentration [11] can modify the morphology and the chemical composition of the oxides growth on stainless steel in PWR conditions. As a consequence, the properties of these oxides will also change depending on the environment. Typically the oxide films formed in PWR conditions are several lm in thickness, i.e., much thicker that the passive films usually found in water at ambient temperature. Depending on the material, the structure of the oxide formed under PWR conditions can be complex. For example, stainless steel develops in PWR water a sandwich layer composed of an inner compact chromium-rich film and an outer iron-rich film sometimes covered with iron oxide crystallites [12, 13] The presence of deposited crystallites is related to the low solubility (in the range of nanomol/kg) of iron and chromium oxide in neutral high-temperature water [14] and depends on the strength of the water flow that can take away corrosion products before they can precipitate [15] . Also, corrosion products generated elsewhere in the piping system can contribute to the film buildup [16] . Oxide films formed on Stellite 6 alloy have a similar two-layer structure as the one found on 304-L stainless steel. The inner layer is a chromium-rich layer with an X-ray diffraction structure close to CoCr 2 O 4 . The outer layer formed by precipitation, mainly of iron, has the structure of magnetite M3O4.
At high temperature (above 300°C), the growth rate of the oxide film (kinetics of reaction is limited by the diffusion of the metal ions through the oxide film from the metal/oxide interface to the oxide/water interface [17] . In fact, diffusion of cationic or anionic species is initially rapid (thin oxide film) and slows down with increasing scale thickness. High temperature enhances diffusion and therefore oxides formed in high-temperature pressurized water are usually much thicker than the ones observed at room temperature.
The oxidation rate in this situation is inversely proportional to the amount of oxidized metal (film thickness) and can be described with a parabolic growth law:
where K p kg 2 m -4 s -1 is the parabolic oxidation constant and m s kg/m 2 the mass of the formed oxide per unit of surface. When integrated with an initial mass of zero (m s = 0) at the beginning of oxidation (t o = 0) Eq. (2) yields Eq. (3).
Wear
One of the most investigated PWR tribosystem is the contact between rod and guide in the RCCA (rod cluster control assembly). For this, dedicated wear test rigs, such as Aurore and ERABLE, were developed in order to simulate the complex mechanical loading (impact/sliding vibrations) and environment (high-temperature pressurized water) found in PWR nuclear reactors. Aurore was equipped with an electrochemical setup allowing the in situ real time monitoring of the corrosion rate [18] . Figure 1 shows the wear track morphology of a 304-L stainless steel rubbed in the Aurore tribometer under PWR conditions. Scratching and plowing are clearly visible. Lina [15] observed similar wear patterns on stainless steel after tests under similar conditions but in another test device (ERABLE).
The subsurface wear patterns ( Fig. 2) were investigated by analyzing using TEM FIB cross sections [20] . These analyses revealed a complex structure of the surface including from the surface to the bulk:
(1) An oxide layer approximately 1 lm thick (2) A mechanically mixed layer composed by nanometric grains of oxide and deformed metal. (3) A highly deformed metallic layer exhibiting a grain refined structure with grain size increasing with depth from few nanometers to several microns (4) The original metal substrate with grains of approximately 50 lm size.
The buildup of this structure was explained by the mechanism illustrated in Fig. 3 [19] . According to this mechanism, ridges created during scratching of the metal detach after repeated passes and get incorporated again into the surface where they can generate again ridges. This repeated mechanism leads to the generation of the mechanical mixed layer. The outermost oxide film results from the full oxidation of the mechanical mixed layer. Grain refined metallic layers were already reported forming in a variety of tribocorrosion situations including stainless steel and cobalt-chromium alloys tested at room temperature in aqueous solutions [21, 22] and were attributed to severe plastic deformation of the metal surface under frictional stress film [23, 24] . Figure 4 summarizes in a schematic way the experimental observations on the structure of metals surfaces after tribocorrosion in pressurized high-temperature water as found in PWR. The metal surface experiences work hardening leading among others to the formation of a nanocrystalline surface layer, as typically found in tribocorrosion systems at room temperature [21] [22] [23] [24] [25] . Under the effect of repeated deformation the metal surface experiences mechanical mixing with the surface oxide formed by corrosion reaction. As suggested by the absence of metal on the outer oxide layer, the metal particles embedded in the oxide layer progressively oxidize in contact with water either at the oxide surface or when the oxide film locally cracks. Finally, wear occurs by detachment of oxide particles and their dispersion in the aqueous environment. Some of the detached oxide particle may nevertheless redeposit on the oxide surface. For the purpose of modeling, the surface structure is divided in three sections: the liquid environment constituted by water, the friction film including the mechanically mixed layer, the oxide layer and the redeposited oxide particles, the metal substrate comprising the nanocrystalline layer, the deformed subsurface and the bulk material.
Third-Body Model for Tribocorrosion in PWR
The wear process can thus be described by the mass flows listed in Table 1 and considering the mass compartments given in Table 2 . Figure 5 illustrates the correlation existing between compartments and flows The starting point is the compartment C1, which constitutes the source of the metal flows. This compartment [20] feeds the friction film either by transfer of metal particles (/ 1 ) from C1 to C3 or by the transformation of the metal into oxidized particles (/ 2 ) resulting in mass transfer from C1 to C2. Metallic particles located within the friction film (C3) will oxidize and migrate to C2 following the flow / 5 . The oxide particles are released from the friction film into the compartment C4 by the action of the flow / 3 . Some of these particles can re-enter the friction film by compaction or sedimentation from environment and thus return to C2. In this case they follow the flow / 4 . This approach assumes that all the particles that will be released into the water solution are oxide particles.
Based on the flows and compartments described in Fig. 5 , one can write the respective mass balance equations for each compartment. The corresponding set of ordinary differential equations are given below.
These equations consider a process running under steady state conditions [9] . In the equations C1 to C4, for each compartment the incoming flows are positive, while the out-coming flows are negative. Quantitative modeling of the wear process requires physical laws describing the different mass flows and integrating the corresponding set of differential equations (C1-C4). These points will be discussed in the next sections. Particle detachment from the friction film / 4 Particles re-deposition / 5 Oxidation of metal particles within the friction film The mass flow / 1 corresponds to the amount of material that is lost from the substrate (Compartment 1) and introduced as metal into the friction film. This flow is assimilated to mechanical wear that can be described by the Archard's wear law relating material loss to the ratio of normal load F N , indentation hardness H and sliding velocity v s .
According to the Archard's theorem, F N is the force directly acting on the metal. However, the presence of the friction film may attenuate this force. Thus, one can describe / 1 by Eq. (8)
where ''a'' is the force attenuation coefficient (0 B a B 1), K / 1 corresponds to non-dimensional wear coefficient, and q metal is the metal density kg m -3 . The attenuation coefficient depends on the mechanical properties (elasticity, hardness, deformability) of the friction film as well as on its thickness. In principle, a lubricating hydrodynamic film could also contribute to the attenuation. However, this effect is supposed to be smaller than the one provided by solid films such as the friction film. Hydrodynamic effect will be neglected in this model.
Mass Flow / 2
The mass flow / 2 corresponds to the amount of metal released from compartment 1 in oxidized form. In tribocorrosion at room temperature, this behavior corresponds to wear accelerated corrosion of passive metals due to the cyclic mechanical depassivation of contacting asperities followed by a repassivation. Its extent can be described using previously proposed models [26] as shown in Eq. (9).
The constant K /2 accounts for the probability that a contacting asperity becomes effectively depassivated and for the number of acting asperity contacts. These parameters are difficult to isolate and therefore K /2 is usually determined experimentally. Applying this model to PWR conditions requires some rearrangements of Eq. (9) . First, the normal force must be corrected by the attenuation factor ''a'' as in case of flow / 1 . The passivation charge density Q p corresponds to the amount of metal that is oxidized during the time interval t cycle between two successive strokes. Considering the parabolic oxidation kinetics, which describes the oxidation of metals in PWR, the passivation charge density can be determined by combining Eq. (2) with Faraday's law. This yields Eq. (10)
where Q p C m -2 is the charge density, M mol kg mol -1 is the molar mass, n oxidation valence of the metal and F the Faraday's constant C mol -1 . Combining Eqs. (9) and (10), and integrating the factor a, one yields:
Note that contrary to Eq. (9) (/ 1 ), Eq. (11) introduces the stroke frequency, i.e., t cycle -1
together with the velocity as crucial kinematics parameter
Mass Flow / 3
The mass flow / 3 corresponds to the oxide wear rate. It represents the oxide particles moving from the compartment 2 to compartment 4 (external environment). In order to convert the mass of oxide into equivalent mass of metal, the stoichiometric ratio r ox is defined as follows:
Thus:
where, m alloy represents the mass of bare metal kg, m oxide is the amount of oxide formed using a given amount of metal kg, M alloy is the molar mass of the alloy kg mol -1 , X is the element present in the oxide and the alloy, n X,oxide is the number of moles of the element X on the oxide in mol, n X,alloy is the number of moles of the element X present on the alloy composition in mol and M oxide is the molar mass of the oxide in kg mol -1 . We assume that wear rate of ceramics are usually expressed in terms of wear coefficient, i.e., removed volume per unit applied load and unit slid length. Thus, one can write for the mass flow / 3 :
where K / 3 is the wear coefficient in m 3 N -1 m -1 and q oxide is the oxide density in kg m 3 .
Mass Flow / 4
The mass rate / 4 corresponds to the amount of metal that was first detached from the friction film as suspended particle in C4 and subsequently re-deposited on the friction film. This re-deposition process can be assimilated to sedimentation. During sedimentation, the particle's settling velocity (v settling ) is determined by the equilibrium between gravity and drag force (Stoke's law). This velocity is given by Eq. (15)
where q p and q f are the densities in kg m -3 of the particles and the fluid, respectively, g is the gravitational acceleration m s -2 , R is the particle radius in m and l is the dynamic viscosity in kg m 
By re-grouping A, v s and V C4 into K / 4 , one can write:
The latter equation gives a simple expression for the flow from C4 to C3. However, it is based on a simplified vision of the re-deposition process. In particular, convection within the solution can transport particles far away from the contact surface so that they are not anymore available for re-deposition. In case of nano-size particles, inter-particle forces linked to the double layer charge should be considered [19] . Thus, Eq. (17) is supposed to provide the maximum value of / 4 .
Mass Flow / 5
The transport from compartment C3 to C2 is described as a first-order irreversible reaction rate. Its general form [26] is presented in Eq. (18) .
where the reactant A corresponds to the metal in compartment 3 (C3), the product B is the metal in compartment 2 (C2), k the reaction rate constant, r the reaction rate and [A] the concentration of A. Then mass / 5 can be written as Eq. (19)
with K / 5 represents the reaction rate constant for the oxidation of the metal contained and reaction within in the friction film, and |M o | 3 is the concentration of metal on compartment 3 (C3). This oxidation mostly occurs when the metallic particles enter in contact with the solution during deformation of friction film. Thus, the oxidation rate depends at which rate the metal particles imbedded in the friction film reach the film-water interface and their permanence time there. The latter parameters depend on the rheological behavior of the film, i.e., its mechanical properties and the acting stress field.
Mass Balance
The mass balance, performed in each compartment, gives an equation system of four differential equations. In order to solve them, it is considered that all the compartments are empty at the beginning (t = 0 s) of the process, i.e., that the solutions of the equation system describe the mass variations in each compartment. The differential equation set given by Eqs. (20) (21) (22) (23) was solved using Mathematica 8 software. The obtained solutions are shown in Table 3 .
The set of equations listed in Table 3 allows obtaining an insight into tribological relevant phenomena. The mass variation in the compartment C4 corresponds to the wear amount, i.e., the amount of material that is released into the environment. Interestingly, according to the above model, wear does not directly depend on chemical or mechanical properties of the metal but rather on the wear resistance of the friction film, i.e., flow / 3 and on the colloidal properties of the debris and on the flow conditions of pressurized water, i.e., flow / 4 . The properties of the metal determine mechanical (/ 1 ) and chemical (/ 2 ) flows, which would determine wear solely in absence of the friction film. This illustrates the importance of considering third bodies when correlating wear to physical properties. The growth of the friction film is described by Eq. (21) that correlates incoming flows related to metal degradation and particle re-deposition with the outgoing flow due to the wear of friction film.
Despite the possibility of correlating the effects of different phenomena on wear of metals in PWR conditions, the model does not offer, at least for the time being, the possibility to quantitatively predict mass variations in the different compartments, as several parameters are not or only approximately known. However, it constitutes a theoretical tool to interpret and rationalize experimental observations of tribocorrosion in PWR conditions. Such an analysis will be described in the next section.
Correlation with Experimental Results
The developed model was used here to interpret a set of experimental data obtained in the Aurore tribometer [18] when testing self mated 304-L stainless steel contacts in high-temperature pressurized water [28] .
Synthesis of Aurore Results
Typical experimental conditions involved a contact force of 15 N and a sliding velocity of 0.3 m s -1 in a 300°C/ 150 bar pressurized water at pH 5.2 or 6.9. Contact configuration was an inner cylinder (external diameter 9.7 mm, height 11 mm) sliding orbitally at a frequency of 10 Hz against an outer sleeve (internal diameter 10.7 mm, height 5 mm). Linear increase in wear with test duration was observed for durations between 8 and 150 h with wear rates around 17.5 mg for test durations of 70 h at pH 5.2 and 2.5 mg at pH 6.9.
This wear tests were accompanied by a series of analyses, published in different papers, intended to address specific issues or to provide insights on the factors controlling the different flows. The K p values of 304-L steel were 1.3 9 10 -12 Kg 2 m -4 s -1 , as measured by electrochemical methods in the Aurore system [19] .
The tribocorrosion behavior of the 304-L stainless steel was also investigated at ambient temperature on model alumina ball on flat contacts immersed in sulfuric acid at applied passive potential. Under these conditions, the friction film does not develop, at least not beyond the negligible thickness of typical passive films (1-2 nm). Thus this system can be considered as a system model representing the wear process in absence of friction film, i.e., the flows / 1 and / 2 . This allowed to extract K / 1 and K / 2 values of 12.9 9 10 -5 [-] and 0.86 [-] , respectively [29] . Kermouche et al. [30] studied, using finite element modeling, the cumulated strain in an austenitic stainless steel surface after sliding impact under Aurore conditions. The numerical simulation showed that for a friction film of 1 lm thick, the plastic strain just below the substrate surface can be reduced by a factor of two. According to these results, the attenuation factor is supposed to be 0.5 [29] .
The value of K / 5 is assumed to be 1 since we assume that in one second all metal will oxidize within the friction film.
Interpretation of Wear Results
Evaluating wear rates from the model requires the knowledge of the K / 3 and K / 4 . The friction film consist mainly of a mixture of chromium and iron oxides; therefore, their wear rates are supposed to correspond to typical wear rates of oxide ceramics. Table 4 summarizes wear coefficients, i.e., K / 3 of different oxides extracted from literature. These values vary in a wide range from 10 -13 to 10 -16 m 2 N -1 . Further the maximum value of K / 4 can be determined using Eq. (15) by considering the sedimentation of iron oxide (5400 kg m -3 ) particles of 100 nm diameter [19] . This is a pure theoretical maximum value of K / 4 . In Aurore tribometer, the contacting surfaces are oriented vertically and thus the wear particles are not expected to sediment there. Thus, in Aurore K / 4 is expected to be much lower than the maximum value. Nevertheless, sedimentation may occur in other reactor components more or less horizontally oriented.
The viscosity of water is 9.7 9 10 -5 Pa s [28] and its density 725 kg m -3 . Considering these data, a settling velocity of 254 nm s -1 is obtained from Eq. (15) . In a conservative approach, one can assume that all wear particles remains in the solution volume confined between the tube and the sleeve (V = 8 9 10 -2 cm 3 ), which correspond thus to the C4 volume. Accordingly, the cross-sectional area for the deposition can be approximated by the 
C compartment number internal contact surface of the sleeve, i.e., nominal contact area (A = 1.67 cm 2 ). From these data, one obtains a maximum value of 5.3 9 10 -4 s -1 . In reality, K / 4 is expected to be significantly smaller due to mass transport effects usually encountered in pressurized high-temperature water reactors. The influence of K / 4 and K / 3 on the mass variation in C4 (wear amount) was calculated using the model and plotted in Fig. 6 . For comparison, a horizontal plane corresponding to the measured extent of wear (17.5 mg) was also plotted.
As expected, wear increases linearly with K / 3 and decreases exponentially with K / 4 . Interestingly, for K / 4 values above 3 9 10 -5 s -1 , the re-deposition flow can compensate the wear of the friction film. Thus, no net wear should be expected above this threshold. The intersection line between the calculated plane and the horizontal one defines the mathematical correlation between K / 3 and K / 4 for the given wear mass. Clearly an independent determination of one of the two parameters is needed to obtain the other one. One way to determine K / 4 is to measure the mass increase in the friction film and to compare it to the total wear amount. The ratio between these two values corresponds in principle to the ratio / 4 // 3 that is given by equation obtained by combining Eqs. (14, 17 and 23) . The thickness of the friction films generated in Aurore experiments was measured by Auger depth profiling and showed a maximum thickness increase for a sample tested in pH 6.9 of 250 nm. This results in a mass change of the friction film (C2) of 0.2 mg, considering the contact area (A = 1.67 cm 2 ), the density of the metal oxide (5240 kg m ) and the ratio r ox . (1.04) In this case the total wear rate is 2.5 mg and the ratio / 4 // 3 is thus 0.08. For test duration of 70 h, Eq. (24) yields to a K / 4 value of 3.3 9 10 -7 s -1 , i.e., a value much lower than the maximum value estimated to 5.3 9 10 -4 s -1 . In the case of test at pH 5 as illustrated in Fig. 6 , the mass increase in the friction film is even smaller (*0 nm) and thus also the K / 4 value. In Fig. 6 , this very low K / 4 value lies very close to zero and corresponds to a K / 3 value of 1 9 10 -14 m 2 N -1 .
Interpretation of Friction Film Evolution
The evolution of the mass of the friction film (C2 compartment) was calculated using Eq. (21) for different values of K / 3 and K / 4 . The results are plotted in Fig. 7 . In the experiments, only negligible changes in mass of the friction films were reported. Thus, a horizontal plane corresponding to zero was also plotted. Figure 7 shows how crucially the mass variation of the friction film is affected by the antagonistic action of the flow redeposition (/ 4 ) and of the wear of the friction film (/ 3 ). Note also the sharp transition between film thickening and film thinning. Interestingly, for the low K / 4 values mentioned before (close to zero), Fig. 7 shows a wear coefficient K / 3 of the oxide film of 2 9 10 -14 m 2 N -1
, a value consistent with the one extracted from the analysis of the wear amount (Fig. 6) .
The effect of the metal hardness and attenuation factor on friction film mass variation is illustrated in Fig. 8 . Figure 8 shows that hardening of the metal results in a reduction of the friction film thickness. However, the transition from film thickening to film thinning is also significantly influenced by the attenuation factor. The surface hardness of the metals after tribocorrosion tests was approximately 6 GPa. Considering this hardness and a mass variation of zero, Fig. 8 shows an attenuation factor of 0.35, a value in good agreement with the theoretical calculations by Kermouche [30] .
The effect of the parabolic oxidation constant on mass change in compartment 2 (C2) is illustrated in Fig. 9 . . Above this value, the C2 mass increases rapidly. Note, however, that K p values reported in literature [35] for carbon steel and stainless steel under PWR conditions do not exceed 10 -11 kg 2 m -4 s -1 . Thus, the oxidation kinetics seems to have little influence for tribological tests in PWR as carried out in typical Aurore conditions. The comparison of model predictions with experimentally determined wear rates and third-body evolutions yield well consistent values of friction film wear rates, re-deposition rates and attenuation factors as determined in independent experiments or theoretical models. This lends support to the validity of the developed model. Nevertheless, dedicated experiments aimed at quantitative assessing crucial model parameters are needed to definitively assess the reliability of the model for predicting wear in PWR conditions.
Conclusions
A quantitative model for tribocorrosion of passive metals under PWR conditions could be developed by combining:
• A physical description of the contact in terms of thirdbody approach of tribology involving well-defined chemical and mechanical material flows between the metallic first body, the oxide third body and the environment.
• A mechanistic description of the involved flows.
• Assembling of the flow equations through mass balances in compartments assigned to critical loci of the tribocorrosion system.
The model allows to predict the evolution of wear and thickness of the third body as a function of a set of interrelated state variables liked to well-defined physical, chemical, material and mechanical parameters.
Comparison with a set of experimental results extracted from literature showed that the model can consistently predict wear rates and third-body evolution.
As a more general conclusion, this work shows that modeling tribocorrosion systems as a set of material flows according to the third-body approach constitutes a valuable tool to rationalize experimental observations and to design tailored experiments.
